
-

RESEARCH MEMORANDUIW .

DWESTJGATIONOF COMBUSTIONIN 16-INCH RAM

JET UNDER SIMUIdiTED CONDITIONSOF -H

ALTITUDE AND HIGHMACH NUMBER

By T. J. Nussdorfer, D. C. Sederstrom -
and E. Perchonok .

Lewis Flight prO@SiOn Laboratory
Cleveland, Ohio

m

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
June 27, 1950

.

.
i

., m.



NA04 RI E50D04

INVESTIGA3TOI!?CW KMBLHl?IOIfIZT16-II!WHRAM

mTUmERsIKmAmD CONDITIONSa HIGE

ALTITlmRmDHIGEMmHNmHm

By T. ~. Nuss&mfer, D. C. Sederstrom
and E. Perchonok

A mmeotad-pipe lnvestigatlcmof & 16-tiohram Jet was mn-
duotedin the Iawlsaltitude~ tunnelundermntrolled oondi-
tiionsof combustion-ohaniber-inletpmeseureand temperature,fuel
flow,and nozzle-outletarea. Threeflsmeholders(thesemated
annularbaffle,the rake,and the mrrugatd @ter) ~~ta9a
Satisfactoryperformsme.

The perfozmmnoeof all threeflameholderswas considerably
influemed by the radialpositionof the fnel inJectorand the
w-outlet amm. Gasolineproveda superiorfuel to kerosene
for both SJ.UIUkl?and rake Imrners. With the mrru@ed @Aer
burner,the data Mloated that a blendby volumeof SO-pement
gasolineand 50-peroentpropyleneoxidemightbe slightlysupe-
riar to gasoline.

The mmlmum fuel-airratio operatingrange (O.030 to above
0.098)was obtainedwith the rake burnerusinga spilt-lnJeotlau
fuel system.
0b%iIU3dwtth
rat~o T was
ohaniber-inlet
near 6.0were

A maximumocaibustioneffiolenoyof 85 peroentwas
WS buzmer. The 00Z’3=Spd@ totabtqrature
5.8; the fiel-airratio,0.055;and the ocaubustlm-
veloolty,1?7 feet per semnd. “~ T V’d.U9S
obtaYnedwith btih mnular and rake burners.

At low ocmbustion-oluuiberpressurebetterperformame was
obtainedwith the corrugatedgutterburnerthan with eitherof
the otherbmmers. With ~oline as fuel,a peak ocmbustion
efflcbnoy of 79 ~mnt at a fuel-airequivalenoaratio of 0.76
and a mdmstton-ohsaiber-inletvelocityof 211 feet per seared waa
obtainedat a cdmstton-dumiber-inletstatiopressureof 800 pounds
per squarefoat absolute. hr a givenomt’lguratiom,only sllght
ohangesIn the total-pressureratioaorossthe mmibustlm ohdber
were obtainedoverthe entireoperatingrange.
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Uaua3.Investigationsof full-male ram Jets divoroe the auper-
sanicM.ffuserfrom the engineby oonuwting the suhsouioInlet
direotlyto the alr supplyadl, as such,are primarilyburner
tests. A pressurereooveryIs assumedfor a supersmic diffuser
and the engineperformanceIs oomputedacocmdingly.P&m a mzhll-
scaleram-JetInvestigaticmin a supersonicwind tunnel (refer-
enoe 1), however,the pressurereooveryaorossthe supersonicdif-
fuserwas found to be Influcumedby burnerdesignand ccmbustim-
dmmber perfomanoe. As a resultof poorburning,oscillating
inletshooksthat greatlyreduoethe diffuserpressurereoovery
may Oomr. SlmlM oscillatingshookshavebeen encountereddur-
ing a cold-flowdiffuser investigation(reference2}. Pulslngof
the edmzst of an expendab~efree-flight16-inohram jet has also
been reoentlyreported(reference3). Althoughthe pulsing
exhlbite8in flightwas bellemd to be oausedby roughand unstable
Combustion,evaluationof the phencmenonwas diffioultbeoauseof
llmitedInstmmmtatlon an the fllghtvehicle.

Ih orderto provideImfomationon the stab$lltyof combustion
and its effetiEon the supersonicdlffuslonof a full-male 16-inoh

.

ram-jetengine,oonneoted-pipeand free-jetstudieswere made in the
altltudewhd tunnelat the NNA Xewlslaboratory.

.—
The ealglnewas

firstrun mnneoted directlyto the air supplywithouta supersonic
*

Inletto determineths limitatims of variousburnermnflguratims.
-—

Resultsof the oonnected-pipestudypresentedhereinsummarIze the
performame of severalburnermnfiguraticmsand fuelsat high alti-
tudesand Mmh numberssimulatedto correspamlto thoseexpeoted
in the f%ee-jetstudy. With the exoeption of scmeburnerperfoummnoe

*

at very low combustIon-ohaniberstatlo pressures all burnerperf’or-
mmme reportedwas obtahmd at ram pressurerat!osgreaterthan that
requiredfor a Mach number.of 1 at the exhaust-nozzleoutlet. Com-
bustim effi~imcy and.@e total-temperatureratioare presentedas a
functionof fuel-alrratiofor threenozzle =as end a range of
aaubusthn-dmiber staticpressures. The effeotof ohmges in the
gas total-tempemttarerattom the total-premum ratioaorossthe
cmbusthn ohamberis also presented.

.=

APPARATUS

The ram Jetwas supportedabovea wing spanningthe wlnd-
tunneltest secticmand attaohedto the tunnelbalanoeframe
(fig.1). Atmospherical.r,whiohwas driedand thenheated,was
drawnIntothe enginethrougha make-qpalr duet by raising the .
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test-sectionaltttude. A valve In this dud povlded means for
settingthe enginestaticpressureat my valuebetweenatmoa-
pheriopressure~ the *1 mblent pressure. Wtthno throt-
tltngof the inletair, pressurerat@s equivalentto free-streeuu
Maoh nunibezwsomewhatin exoessof 1.7 oouldbe obtained. The
ram #et exhaustedMreotly Intothe tuuneltest seotlon. A L4-
inoh+liametersllp $ointseparatedthe enginef’mm the ~ pipe
- made poaslblethe use of the tunnelsoalesfor thrust
measureuwnts.

.

3

Ram jet. - The rem ~et (fig.2) used in this lnvesttgation
oonsistsof a subsonto anmlar dfffueer,a water-oooledoosibustion“
ohamber16 lnohesin dimeteF, and a water-ooolednozzlewith an
area that oouldbe variedby a mvable plugmounted.wlthlnthe
oabustion ohmiber. (Themovableplug is desorlbedin referenoe4.)
The diffuserwas fabricatedof l/8-lnoh-thioksteel,whereasthe
omlmstlon ohmiber, the tail plug,d the nozzlewere made of
16-gageInoonEL

The uver-alllengthof the enginefrcuuthe inletof the snb-
sonloporthn of the diffuserto the nozzleoutletis 175 inohes,
of whiohthe mmbuetdon ohm..r ad the nozzleoc+mprise90 Inohes.
Coofiinatesfm the oentw body and the rsm-~etshell are given
In tableI. A tzumsftionpieoewas employedto reduoethe sllp-
Jointdiameterfrom 14 to 9.92 inohesat the subsonlo-diffuser
tnlet. The diffuseroenterbody pro~eoted8 inohesInto the tran-
sttionpieoeand the downstreamend terminated* the oombustion-
ohamberZnletvlth a @lot b-r. The nose of the oenterbdy
oonslstedof a 46° spilmdesignedwith an axialtravelof 2 Inohes
for subsequentfree-Jetstudies. The spikewas retainedin the
fully retraoted position for this investigation.VarlatIon of
the flow area throu@ the diffuserIs givenin flgure3. Ereg.
ularltiesin the ourveare oausedby oenter-bodysupportingstruts
whosemaximumthicknessesneverexoeed17 peroentof the ohord
length. Threeequallyspaoedstrutswere used at both front and
rear supportpoints.

Pilotsystem.- A vortexpilotpatternedet%erthe systemdes-
orlbedin referenoe5 was housd In the downetreemend of the oenter
body (figs.2 ad 4). The pllatoonibustionohauiberoonaistedof a
trunoatedoone I.O.3inoheslongthat ohangedin diameterfrom

7+ In&es at the upstremnend to 6 inohesat the exit. R’opylene

oxidein amountsnot exoeeding5 peroentof the totalfuel flowwes
burnedin the pilot. A singlefuel nozzleratedat 21.5 gallons
per hour at a pmsure differentialof 100 poundsper squareInoh
Waa used. Alr vas scoopedfrcm the main air supplyat two of the
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threemain oenter-bdysupportsad duotedintothe
elbows,whioh imparteda vortexmotionto the air.
tgnltedwith a oomeroial Jet-engfnesparkplug.

.
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pilotthrough
The fuelwas

Tuel-inJeotionOys@m. - The fuel inJeotorwas locmted17 Inohes
U~treSZUof the flameholder. A remotely mntrollsd medanism
housedwlthlnths oenterbcdySe possiblethe radialadJustmeti
of the fuel I@eotor durl~ operation.garioustypesof fuel bar
uouldbe attaohedto four azms epaoed90 apart. TheBeamnshad
a 2-inohradialadjustnwntin an annularpassage4 Inoheswide.
Fuelwaa fed f= a oentralmanifoldthro@h flexiblelinesto the
lnJeotor. The detailsof the s~tem are shownin figure4.

Two baslofuel-inJeotlonpatternswere Investigated.One
patternoonsistedof four aro se~ts makingup a manifoldto
whlohfourmodlf’iedmmmerolal e- nozzleswere attaohed(fQ. 5).
The nozzles,mted at 21 gallonsper hour at a dif’ferentid. pres-
sure d 100 poumlsper sg,uareInOh,were modifiedby reducingthe
erternaloross-seotlonalareawithoutaffeotlngthe spray~t@rn
(fig.6). The fuelwas sprayedumtream at an inJeotlonradius
that oouldbe variedfrcm 5.22to 7.22 inohes. The otherpattern
(fig.7) oonslsted& four aro segmentsof l/4-inoh-diametertubing,
whiohhad beenflattenedto reduoethe blocki~ area. !l!wenty-five
O.028-lnoh-dlmneterorlfioeswere drilledin eaoh segment. Every
th~ orifioee~ed radiallyinwardand the otherswere dlreoted
upstream. Zn thiscase the fuel-lnJeotionradiusoouldbe varied
from 5.38to 7.38 inohee. 8peoialauxilkry lnJeotcmsthatwere
alsousai are describedin the dlsoussion of results.

Fuels. - The stolohimetriomixtureratim - ths lowerheating
value~e fuelsused in this investigationare as follows:

Fuel StoiohtometrloLowerheatIng value
fuel-atiratio (Btu/lb)

Gasoline,AN-F-48b,grade80 0.067 19,000
Kiwosene, AN-1’-32a .068 18,500
50-peroentgasoline- 50-
Wroent propyleneoxide .081 - 16,060

Flameholders. - All flameholderswere mountedwith the oenter
rim aroun2the pilotohamberexit. The serratedannularbaffleand
rakeflemeholderswere made of 1/8-inohmild steel,whereasthe cor-
rugatedgutterflsmeholderwas made of 16-~ Inoonel.

.

—

.—

.

.



*

.

HACARME50M4

The serratedannul..ac
essentiallyof an annular
innerand outerai~ter8

5

ball’fleflameholder (ftg.8) oonslsted
baffleset at 350 to the alr streamwith
of 9.6 and 14.4 inohes,respeettvely.

Trlan@ar serratio~ 2$ inoheadeepwere out Intothe outerside.

Nine l-lnoh sweptbaokr&Ual gutters ocaneded the bd’fle to the
oenter supportrim. Fmvisla vas made for @@oting fuel within
the flsmeholder through nine owmeroial sprw nozzleslooated
oppoa~tethe radialoonneothg guttem. Thisflameholderhad a
~~eoted blooklngarea & 55 peroentof the annularocanbustlon-
ohaniber-inletarea.

The rake-typeflemeholder(fig.9) was patternedaf~ a
flameholderdesortbedin referenoe6. Eaoh of the SIX raM olus-
terswas attaohedto the supportingrlm by a 60° radialgutter,
~ inohestitdeeFuelwas in~eotedwlthlneaoh olusterthrough

Ocmmeroialspraynozzles. The blookingarea of thisflame holder
was 41 peroentof the annularoauibustion-ohdber-inletarea.

The”corrugatedgutterflsmeholdck(fig.10) oonaistedat a
series~ corrugatedguttershavinga ohomlof 2 Inohes,a spaoing
of 1 inohbetweenoorrugations~adL an angularguttervariation
frm 35° to 53° inoludedangle. Smaller unoorrugated oonneottng
gutterswere weldedbetweenthe corrugatedseotlons. This flame
holderhad a blooklng-a aP 54 peroentof the annularodbustion-
ohsniber-inletarea.

The effeotof variationh combustion-ohaniber-inletMaoh num-
ber on the oold total-pressure-dropooefftoientfor all threeflame
holdersls qhownin figure11. InoluiledIn this Ooeffloientare
pressurelossesin the oo?ribustlaohemiberand the nozzle,whloh
are negltglblein ocenpartsonwith the flane-holderloss. Simple
theoryindioatesthat at a givenMaoh nmiberthe total-pressure-
drop ooefftoientshouldtnoreasewith flame-holderblooklngarea
(referenoe7). The apparentino-istenoy In the ~ssure-drop
ooeffioientsfor the serratedaxmul~ baffleW oomugated gutter
fh holdersis explainedby the faot that all the blpokingof
the annularflauwholderdoes not ooonrtn a singleplanenormal
to the@ flow aml that the ocmtraotionooeffioientis not the
sw for all flmneholders.

ITozzle.- A hydraulloallyoperated,movable,watir-uooledplug
was ~~in tbe last6 feet of the ocmbusttonohaniber. ~ the
fullyretraotedposttion,the ttp of’the plug extendedto the nozzle

outlet. The plug,whiohhas a maximum dtameterct & inohes,was

.
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~tam with an axialtravelof 11.75indes. The PIW positioa
was remotelycontrolledand oouldbe ohangedwhile the enginewas
operating.The nozzleis a 9-inoh trtmoatd oom, *EIW f-
the 16-izMhoazbustion-oh~r diemeterto a 1.5.75-inohoutlet
diameter. At all plug paltlons, the minimumplanearea ooourred
at the nozzleoutlet. The variationof nozzle-outletaxeawith
plug positicmin figure12 showsthat a variationin outletarea
of 51 to 74 peroentof the oombuation-oheaiberarea is possible.
!l%eratioof tie nozzle-outletareato the 16-inoh-diameter
ocmbustion-ahamberarea is hereinafteroalledthe outlet-arearatlo.

PROOEMIRE

The enginewas liberallyinstrumentedwith total-and statio-
pressuretubesaml themooouples. Rwssures were readfram photo-
@’@M of manmter boardsand tempematumsvere mnuaIIY reoomled
from a self-balancingpotentiometer.The air flow throughthe engine
was oaloulatedfrom ~essure-rakedata obtainedat stationsx and
y (fig.2). The oabustion-ohamber-inletvelooitywas oalotalated
from the wall staticpressureat the oombustian-chamberinletad
thenwasuredair flow.

Data obtainedwith the tail rake (fi~. 1 and 2),whioh
retraotedas the plugwas extended,were used in obtainingthe
total~sure at the engineoutlet. Cmbustion efflolenoyand
gas total-temperaturerisewere mnputed by methodspresentedin
referemes 8 and 9 fra the measured$et thzmst(withtunnelsoales)
and the air and fuel flous. The rate & fuel flm was measured with
a rotametercalibratedfor the fuel beingused. The heat lostto
the mmibustbn ohmnberand the nozzle-plugoooli~ water as well as
the energycontentof the pilotfuelwere Inoludedin the evaluation
of oombustion*effioienoy. In the evaluationof the final gas tem-
~t~ ~ tie ratioof absolutetotaltemperatureat nozzleout-
let to absolutetotaltampemhzw at odnastion-ohamberinlet,
howevwr;the heat lost to the aooling waterwas exoluded.

.
In der to start the engine, the tunnel was first evaouated

to the desiredpreseurealtitudeand the nozzleplugwas positioned
for a smalloutletarea. With a ali@t amountof air flow through
the engine,the pilotwas l@ted. Burner Ignlttoinooourredwhen
tiO properproportionof fuelwas added. Obtainingthe desired
operatingoomiitions,however,requiredsimultaneousregulaticmof
fuel flm, air flow,and outletarea. The pilotw allowedto burn
Ooxtinuousl.y.Burnerperformanoe~ fuel-airratiozwmgewere

.

.

.
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.
determinedat severalengine-outletareas,

7

at pressureal.tlttieaup
to 50,000feet,and at cxmbuation-ohamberstatio~asures expeoted
in the free-Jetfnveatigatk+n.

For eaoh burnerthe optimumrtitalpositionfor the fuel inJeo-
tor was determinedin the followlngmanner: At a fwl flov -
nozzle-outlet-a that gave typioalengineoperation,the radial
positionof the fuel inJeotorwas slovlyvariedfran the retraoted
to the extendd Poalttcm. The positicmthat gave the minimum
ocdbustbn-obaniber-inletveloolty(aa dete?dned with an -peed .
Itiioator)was assuredto restitin the mexlmumocdmstion etfiolenoy
and the maximume~ust -gastemperature.For a givenburnerand.fuel,
the optlmm fuel-ln~eotcmpositionthusdetemined rmw3inedessen-
tiallyoonstantfor most operatingoodlitbns.

9

.

SYMBOIS

The following IS*OI.S’ are used In thle report:

oross-seottcmalarea,sqwre feet

fuel-airequivalenceratio,ratioof aotualto
fuel-airratio

fuel-airratio .

Maoh nuniber

atoldhiometrlo

totalpress-, poundsper squarefoot absolute

statlopressure,prods per qzare foot absolute

-o pressure,poundsper sqparefoot ~

totaltemperature,%

velooity,feet per seoond

oodnzsttoned’fiolenoy,peroent(basedon enthal~ ohangeof
gasesand energyoontentof fuel in$eoted)

ratio of absolutetotaltemperatureat nozzleoutletto abso-
lutetotaltemperatureat oaubustim-aheaiberinlet

.

.
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StMmr@ts (fig.2);

1 su~do-diffhwer Inlet

2 subsonichdtt’fuserinlet

3 dlffueer outlet and ocmbustion-ohamberinlet

IUCA RM E5QD04

4 mnbuatlon ohtmtiber

5 mibuetion-ohember

6 nozzleoutlet

f fuel

x air-flovmemmring

outlet

station

Y diffueer-i.nletpreanre-eurveyetatilon

RliSUIfJB MD DL9CUSSIOB

The bum- mmflguratiom investigatedand the range d’
oodbustion-ohamber-tiletvariablesoverwhich theywould operate
am dworlbed In tableII. The Influenoeof the fuel-lnJeotion
radius,the outlet-arearatio A6/~, and the t~ of fuel burned
on the operationalperfomuanoeof the threeburnereia aleo lnAl-
oated. In general,only the ocmfigurationsthat resultedin rela-
ttv’elygoodperformame are reportedherein.

The I?uel-injeotlonradiuewae feud to be orltloal.to the per-
fornwnoeaF all the burners Investigated.Aohangeofl/41nohln
in$eotionraMus Gould oanse a serlouereduoticmIn oombuationeffi-
olenoy,rou@ and unetabl.eburning,and in SOIW Instanoesflame
blow-out. Datawere obtainedin Ht oases@ at the I@eotlon
radlu6for mMnn,nu performance.

The ocmbuetion-ohamber-inletvwholties V3 indioatedin
tableII for Whlohflameblow-outommrred were obtainedby extra-
polationfrm a plot of V3 as a funotion@ f/a to an e8timteU
f/a at the bluw-outpoint.

All data,exoe@ for a ucdbustim-ohadber-lnle$statioWYMI-
sure ~ qF approximately800 pounds per qquare foot absolute,
were obtainedwith a ohoked outlet and’ therefoa’e rqweeent burner
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perfomanoe wheneverthe existingcmibustion-ohember-inletwniLi-
tionsosn be duplicated.

BurnerPerformancewith Serrated

AnnularBtile FlameHolder

operational performanoe. - Table11 indicatesthat the best
resulh were obtained tit hth e annularflcmmholderwhen the ori-
fioe fuel inJe&3r (flg. 7) waa used.

A fuel-inJeotlonradiusof 6.22 tnohes(run1) gave the beat
Oodbusthl performanoe ~ at an outlet-arearatioof 0.739
resultedIn an operationalf/a rangeof 0.053to 0.092with lean
anQ riohblow-outvelocitiesat 195 em!i194 feet per second.,resPo -
tlvely. When the outlet-nrearatiowas demeased to 0.676 and then
furtherdeoreastito 0.600 (runs2 W 3), the operable f~a nmge

~tely 0.04 to 0.08. For allshli%edtowardthe leanregion,a
threeoutlst-arearatios leanblow-outoomrred at essentiallythe
seaueV3 (200+5 ftjeeoj.

With all oondttkns Itlentloalto thoseof run 3 but with ~
reduoedto 1.365pourxlsper squarefoot absolute(run4), rough
burningor blear-outooourredat outlet-areaFatlosabove 0.600.
At an outlet-arearatioof 0.600,the rduotion In oomhstton-
ohmber-inletstatloWWSsure from 1750to 1365poundsper square
foot absoluteresulted In a deorease in the operable f~a range.
~ addition,this rduotion in ~ reduoed V3 at leanblow-
out to 177 feet per semnd.

The annularburnerwas run with an inJeoticmrdllus of 5.38
insteadaf 6.22 inohesto determinethe effectof InJeotionmmlius
on burnerperformsme (run5, tableII). With gasollneas fuel and
a ~ of 1800pom per squarefoot absolute,rou@ end unstable

operationresultedat outlet-arearattosgreaterthan 0.676. At
this outlet-arearatio,the operablefuel-alrratiorangewas very
nlua’ow,0.044to 0.052.

With kerwene as fuel, best operationalPemFormame with the
annularflame holderwas obtainedat a fnel-inJeotionr~ius &
5.94 Inohes(ss ccmparedto 6.22 in.with gasoline). Results fm
an inJeotionradiusof 5.94 Inohesem shownonly at a ocmibustlon-
ohdber-inletpressureof 1790poundsper square foot absolute
(runs6t08). At outlet+u?earatiosof 0.739and 0.676,the
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operablefuel-atiratiorangewas ertremwlymwrow and leenblow-
out ooourredat ndxtureenear or rioherthan the atoiohiometrlo

‘ value (0.068). Reduoingthe outlet-cu’earatioto 0.600 (run8)
ap-pmxlmatelydoubledthe operablerangeaml exhmled both rloh
- leanblow-outllmlts.

Althoughbuning was attainedwith the fuel inJeotedthraugh
ocmmerobl s- nozzleswithinthe flameholder,the results were
unsatisfactoryand are not reportedherein.

Effeot& fuel-alrratioon burnerperformanoe.- The yarl-
ationof ocmbustioneffioienoy qh and total-temperatureratio
aoro9sthe engine 7 with f/a’ is shownin figure13. Datawere
obtatnedwith ~ollne overa rangeof outlet-arearatiosand at a
combustion-ohamber-inletstatio~ssure of 1750poundsper squmm
foot absolute. The -hum ~ aF 82 px’oentwas obtainedat f~a

of O.0~’~ outlet-arearatioof 0.676. The ooa?reapmdingV3 was

180 feet per seoond. operationat the largestoutlet-arearatio
(0.759)resultedin ocdbustloneffiotenolesapproximately4 peroent
lowerover the entirefuel-alrratiorangethan those&talned with
the two ~ller outlet-arearatios. For all outlet-arearatl-, the
nudmum ~b ooourrednear an f/a of 0.054and deoreasedat both
the leaner and rlohervalues. I&Mmnn mlues of T, however,were
at f~a ratias rioher than those at whlohthe peak ~ was

observed. The meximm T d 6.0was observedbetween-f/a of
0.065- 0.072fm the two sm%lleroutlet-ma ratios. B?mther
inoreasesin f/a oauneda slightrednotlonIn T. At the larg-
est outlet-sraaratio (0.739),the maximumvalueof T was 5.8
and oomrred at f/a of 0.058and V3 of 189 feet per seoond.

Also shownin figure13 are threedata pointsobtainedat &
p3 of 1365poundsper square foot absoluted at an outlet-area
ratioof 0.600. ThlEIgu’esmn’elevells near thatat whioh blow-
out oocn?rsfor thisburner. At OUthYb~a ratios @vMzterthan
0.600,bm’ni~ was roughend unstable. A *- ~b Of 70 Per-
centwas obtainedat a f/a of 0.051and a V3 K 1* feet Per

seemd. A mazfmnn T (5.8)resultedat a f~a of 0.066. The
00mcmlt8nt ~ was 68 mment ~ V3 ~ 157 feet Vr se~~ ●

A mmpsrlson of the ocnnbuetlon WI!&ormanoes obtainedvtth
keroseneard gasolineis made in figure14. The ourvesfor gas-
olineweremtakenfra figure~. The data obtained wIW -Osem
at all threeoutlet-arearatiosappearto fall on a singleourve. .

..

.
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Althot@ the maximum mxtmstion efftaienoya? 66 peroentommrred
oloserto the stolohicmetriomixture(fuel-airequivalenceratio
of 1) with kerosenethanwith gasoline,the mibustion efficiencies
and the resnlti~ valuesof T were consistently lower for kero-
sene. The msxlmumoczibustton-ohemiber-inletvelooltyat whioh data
were obtainedwith kerosenewas 189 feet Vr semniland the oor-
res~~ T was 5.6.

BnrnerFerformanoewith Rake PlameHolder

operational perfo-e. - With the rakeflameholder (flg. 9)
as with the annularflemehol&er,optlnmmperformance(seetableII)
VIM obtainedwith the orit%e fu61 Injector(fig.7). With @s-
olineas fuel, a fuel-tn~eotlmradiusof 5.94 *8 was re@red
for optimumodbustlon-ohaniberpetiamanoe. At a mmibustlon-ohember-
inletstatlopressured 1800poundsper squarefoot absolute,
decreasesIn the outlet-ma ratioallghtlyextended.the rloh end.
lean operatingllmits(runs9 to U., tableII). At the smallest
outlet-arearatio (O.600),the operable f/a remgewas from 0.047
to 0.074.

With keroseneas fuel,the optlmmnman fuel radiuswas found
to be 5.74 inohes (runs 12 and 13). The rloh blow-outlimltaould
not be determinedbeoauseit was beyondthe pumpingoapaoltyof the
fuel system. At o-able outlet-arearatios,a greateroperable
rangewas obtainedwith kerosenethanwith gasollne. Satlefadmry
operatku was obtain&lat mmkmstlon-oh=ber-inletvelooltlestn
exoessof 200 feet per seed. with both fuels. E@ an outlet-area
ratioof 0.676(run12), leanblow-outooourredat approduately
the same V3 ml f/a at 1850poumlsper squarefoot absoluteas
at 1470” powd,s per Bqusre foot abmolute.

In order to extendthe operable f/a range In the leanregion,
the prinoipleof splitfuel inJeotlonwas emplo~. The best per-
formanoeobtainabletith eaoh& two &if’ferentauxlllery3nJeotlon
Systeml is s~ ized In tableII, ruM 14 to 17. Spr~ing addi-
tionalfuel downstream%hroughsix nozzles,boated withtnthe
flameholderd ratedat 21 gallonsper hdur at a differential
~ssmd~~a~.~~m,~uti-bmti-
notloeablserhensim al?the operatinglimtts. The lean i?/a limit
was extendedf’rm 0.050 (run9) to 0.032 (m 14) but the upper f/a
llmituas appreoiabl.ydeoreaseclwhen 850 ~ & fuel per hour
(39to 45 p&ent &-
at eaoh.flame+old.er

.

totalfusl fluw)was s~yed 2 inohesupstream
oluster. The additionalftwl was InJooted
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thrQu@ six mdial B@e8 =ddd outsidethe mqine. Attaohed
to eaoh spoke was a moMfied oamneroial s~y nozzle 3k3ted at 21 &l-
lonsper hour at 100 poundsper squazwimh (fig.15). !Chebalanoe
d the fuel was ~uoed thzwughthe orifloeInJeotom. Little
Q ~ = ~ ~~tim ~s notedwhen all the fuel was intro-
duoad.with the auxillaryinjeolmrthroughnozzlemratedat 55 gaHons
phour (run15).

Althoughuse of an auxiliq a~-nozxle Injectorlowered
W leanblew-outUmZt, the operable f/a rangewas narrower
thanvlthoutthisseoondaryin~eotor. M orderto extendthe
operable f/a rangeIntothe rloh region,anotherauxiliary
fuel In#eotorof the orlfioetype,designatedradials~~ bars
(fig.16),was employed. Slx radiall/4-lnohtubesflattenedto
a stresnilinedshapewere installed2 In&es upstresnof eaoh
flame-holderoluster. Eaoh radialspm~ bar had a totalof twelve
O.028-lnoh-dlemeter orlfioea,@ti om eaoh side,spr~ing fuel In
a dlreatia normalto the alr stream.

Optimumperfomsme wa obtainedwith an appmximatew oon-
st~t fuelflcm of 500 poumisper hour (12to 29 peroentof total
fuel flow) lnJeotedat a radiusa? 5.38 Inohesthroughthe @mary
orlfioefuel in~otor and the remalnhg fuel Injeotedthroughthe
auxlllcwyradialspraybars (runs16 - 17). At outlet-area
ratios cd 0.739and 0.676and a

k
& 1750 poundsper sQuare

foot absolute,the operablefuel- ratiorauge was the largest
& any oomflguratloninvestigate. The lean limltwas ap~mi-
matelythe sam as that ob-ned with the previouslykmrlbed
splitfuel-lnJeotlmsystem (aboutO.030),but riohb&w-out was
not obtalnsdup to the pointat whloh the pumpingoapaoltyof the
fuel systm was reaohti(f/a= 0.098). ~ ~ ~mbmtf~-
Ohd#mr-inletvelooityattained-or to the rioh pumpinglimltwas
190 feet per seomd d prior to leanblor-out,246 feet per second.

Effeot& fuel-airratiocm burnerperfomnanoe.- The vari-
ationof combustioneffioienoyandtot~ -_at=e ratio with

f/a for runs 9 to 11 (tableII) Is shownIn figure17. All data
were obtainedwith gasollneat a ocmibustion-ohaniber-inlettotal
_rature of 570°R and a statlopressureof 1800poundsper
squarefoot absolute. The medmum oceubwtiomeffioienoiesas well
as the msxlmumvaluesof T W8re obtainedat an outlet-arearatio
of 0.676over
Offioienoyof
anUata V3

the entireringeti operatlm. l%e peak cmilnmtion
84 pemmrt ooourrednesr leanblow-out, f~a of 0.05,
of 189 feet per semnd; the msxlmm T of 5.8was

.

.

.
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reaohedat a f/a of 0.058and ramalnedoonstantuntilrloh blow-
out. Frogresslvelylowervaluesof ?b and ~ Wre obseti f’=
outlet-a ratiosof 0.739and 0.600. At these outlet-arearatios,
the o-e In T between f/a of 0.059and rioh blow-out(f/a of
approximatelyO.070)was sll@.

A mmparison in tam al?the fuel-afr equlvalenoeratio E
hh~ the v~uea d ~b ad T obtainedwith gasolinead ker-

oseneat an &tlet-area ratio of 0.676 Is given In figureI-8.Data
were obtainedat a ocunbustlon-ohsmber-inl.ettotaltempemture of
570°R for gaaollneaml 605°R fm kerosene. The ourvefor gaso-
linewas takenfrom figure17 (~ = 1800 lb/sqft). The kerosene

data were obtainedat ~ & 1850and 1470pouniaper squarefoot

absolute. No si@.ficant effeotat’omibuetlon-ohauiberpressure
levelon burnerperformancewith keroseneas fuel oan be observed
wlthtnth18 ~ssure Z=W.

Altho@ the operablerange of the rake burnerla greaterwith
kerosenethanwith ~oline, the extensionis essentiallyin the
rloh regionand is aooompanledby a low ocmhetlon effIoienoy. At
the samevaluesof 3$, the VahlOS of ~ ad T O’btahSdwith
gasolinewere oonslstentlygreaterthanwith kerosene. l!he
ocmibustion-oheniber-inletvelocitieswere of the seineorderof mag-
nitudefor bothfuels (180to 200 ft/seo). At stolohicmmtrlooon-
dttlons, qb ~ 74 pero~t - T wSS 5.7 With @isolhe -

71 ~roent and 5.2,respeotlvely,with Imrosene. The maximum
reoordeil~b with the kerosenewas 78 peroentand ooourredat
an equivalenceratdoof 0.89.

The burnerperformancewtth gasollnefor the spllt-fuel-
inJeottonoomfiguratlonthat resultwlin the greatestextension
of operatinglimlts(runs16 anl 17, tableII) is gresentedin
figure19. These dataweretaken ata T3 of 550 Randa ~

of 1750poundsper square foot absolutefor outlet-arearatiosof
0.739 and 0.676. Amroxtma*ely the same f/a operatingrange,
~b> and T resultedat both outlet-erearatios. The muibuetion

offtolenoypeakedwith a valueat 85 peroentat a fla of 0.055
and V3 of 177 feet per seooml. The o~sponding T was 5.8.
The valueof T tnoreased gradua14 with f~a to a ~lmum value
of 5.9 near f~a d 0.065. Further InoreasesIn f/a resultedin
a slightdrop in the valueaf T. At em outlet-arearatto of 0.676,
approximatelythe same oonibusttoneffioienoyvalueswere attained
with or withoutspiltfuel inJeotion(fI*. 19 and 17, respectively).

.

.
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At an outlet~ ratioof 0,739,however, the use of the split-
f’mel-tiJeotfasystemnot cd.yextendedthe operatingraage in
both the leanand rlohdireotlonsbut aleoraiawdthe mmibustion
~ic$ienoy and the resultlng T Em73ral peroemb .

l%e leanblov-outoommwd ne~ a V3 of 240 feetper seoond
for both outlet-arearatios (tableII). As previouslyindioated,
riohblw-out c)ouldnot be reaohedam to a llmltatton In the fusl- .
handling oqaoitys At the naxlmnm f~a for whloh data 00uM be
taken (O.098), burning wus still satisfactory. AU data for the
split-fuel-~eotion mnflgurationswere obtaineUat wmbustion-
ohmuber-inletvelooltiesbetween173 and 239 feet per seoond.

BurnerPerfomanoe with Corrugated

QutterFlameHolder

operational perfmmanoe.- Best operation with the obrrugated
gutterflame holder (f1$. 10)was obtainedwith the ~-nozzl.e
inJeotar(fig.5) set at a radius of 5.22 imhes (runs 18 to 22,
table II). At an outlet-arearatio of 0.739, T3 of 575°R, *

P3 of 1650Poundsper squarefoot absolute,satlsfaotoryoperation

~th gasolinewas obtainedbetweem f/a of 0.029 end 0.059 (run 18).
The V3 varied betwmm 206 and 279 feet per seomd. Reduotlon in

outlet-area ratio to 0.676 (mu 19) merely reduoed the velooitles to
a range of 187 to 247 feetper seomd and oausedllttleohangeIn
the operable f~a range.

At the largeroutlet-arearatio (O.739), a reduotim In the
ocuubusticm-ohdber-id.e’t Statio pY’eSSUZW fi’cxu1650to 780 OUIldS

rper squarefoot absolute(run20) shiftedthe operable f a range
towal%lslightlylemlerDllrtures*The oarrespcdimgoombustion-
ohsmber-inletvelooityrangewas 211 to 311 feetper seoond.

The operat.dm of thisburnerwas also tivestigatedusingas
fuela blendb~ wlume of ap~tely 50-peroentgasoll.neand
50-peroentpropyleneorlde. The optimumradialfuel-inJeotion
poeitku was Memtioal.to thatfor pure gasoline. At a pressure
levelof 1655poundsper equsu?efcmtabsoluteat the mmbustion-
ahauiberinlet,littlevarlatlonin the c@erable f/a range cm
Inletvelooitlesfrm thoseexlstlngwith gasolinewere noted
(run21). ~ to the resultsobtainedwith pure gasollns,a
reduotlonIn P3 fran 1655to 800 poundsper squarefoot absolute

(run22, table II) resulted In a sli@t ertensiauof the operable
fla range.

.

.
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Eff’eotof fuel-airratio on burnerpezYmnlanoeo- Ourvesof the
~iation tn ~b - T with fuel-air ratio for gasollneas fuel
are givenin fi- 20. At an outlet-arearatioof 0.739, p3 of
1650p-a per squarefoot absolute,ad T3 of 575°R, data

wem obtainedwith air havinga dew pointof 30° F ad then tie s-
datapointswere repeatedas olcmelyas possiblewith tiledair
hav5nga dew pointof 2° F. r= the raQ@ of dew pointsInvestigated
and withinthe aoouraoyof the data,no appreo~le effeotof mois-
ture oontentof the ah on oaibustioneffiolenoywas observed. It
Is Interestingto note the aoouraoywith whldhthe data pointsoould
be reproduosd.

Also inoludedIn figure20-- data for an outlet-mea rattoof
0.676. As with the othertwo buzmere inmestlgated,an outlet-area
ratioof 0.739resultedh lowerodxzstia effioienoiesand om-
sequentlylowervaluesof T than an outlet-ma ratio of 0.676.
This resultis probablydue to the greateroombtastla-ohamber-inlet
velooltiestnvolvedat the largernozzle-outletexreas.with the
smalleroutlet-arearatilo,the maximum qb Of 68 ~O~t 000~d

at a f/a of 0.05and V3 of 196 feet per seed; the oam-espcmding
T - 4.5. Al~o# tie ~~ of ~b = slixt~ ~~rd) =

Inorease in T to 4.8 was aohlevwlby Inoreaslngthe f/a to
00057.

me ~ ~b tith tik -w Otttbt-- ratto - 64 ~ .

oentand ooourrednear rloh blow-outat an f/a of 0.057 ad a V5

of 208 feet per seooml; the resultlng T was 4.6. At both outlet-
area ratios,the gensraltrendwas for ~ to Inoreasewith an
imrease In f/a, reaohlnga medmmn at rlohblow-out.

The.effeot of ocmdustlcm-ohamber pressure level cm burnerper-
forzlanoe f= the blend of 50-peroentgasollneand 50-peroentpxm-
pyleneoxideis shownIn figure21 for an Outlet-ereamtio of 0.739
d a totaltemperat- of’5650IL The datawere obtainedat ?3
valuesof 1920,165!5,and 1300poundsper sqe foot absolute and
=0 plott~ as a funotiond equivaleme ratiO. Only a sltghtvarl-
atlcmin the operablefuel-airratio raIw8 vaa observedover the
rauge of p3 Investigaw. A slighteffeotof pressureon the

ocaibustloneffloienoies,however,was obtained. The pe&k Oculibutiion
effioienoyof 71 psroentad T of 4.8 resultedat a P3 of

1920poundsper sqmare foot absolutenear the r~oh blow-outoon-
Mtlau (E = 0.8). Beluw riohblck-out,grea~r qb re~~ at

a pressurelevelof 1300than at either1655 m 1920poundsper “
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squarefootabsolute. This_eoted remrse effeotof p3 on ~b

may be pwtly due to ohangesIn fuel pressureand the resultlngfuel
distribution.The fuel-pressurerangefar eaohvalueof p3 level

iBth?ZWfO+X’O@~~thOf~. Inasmuohasthemsxlmum spreadin
~b f= - -e ~es~’ l~ls = -2 a S-e ~= f~ T

was drawn t&ou@ all the data. The value of T inoreasedalmost
llnearlyvlth equlvalenoeratio and the oombusticm-ohmber-inlet
veholties rangedfrcau200 to 270 feet per seomd.

A dtieotoan~ison oanbe made at a P3 of approximate-

1650 pounds per square foot absoluteof the burmerperformance ‘
with gasollne(fig.20) and with blendedfuel (fig.21). At the
saw fuel-alrequhalenoe ratio,the oombusttoneffloienoieb3and
tcrtal-temperaturerattosobtainedwith the blendwere a few X-
oentdbovethoseobtainedwith the gasollne. Beoause- operdble
~ witi pure gasolinewas gceaterthm with the blend,the max-
‘IMUIUT obtainedwith the gasollne(4.7at E = 0.85)was greater
than that obtainedwith the blend (4.2at E = 0.70].

A ocmparieonof the perfarmanoe obtainedwith the two fuels
at p3 of 800 pounds per square foot absolute is made in fIgure22●

Buzmer~omsumoe is againpresentedas a fhnotlonof fuel-air
equivalenceratioat an outlet-area=tlo & 00739~ T3 ~
56@ _ 580°R. At this 10V oaibustian-ohsmber~asure Lmel,
a pressuremztioat the nozzleoutletsuffiolat for ohoklngootil.d
nd be obtained;howemr, an approrlmatelyoonstambpressureratto
was maintainedaorossthe engine. The rloh and lean llmltsoooumed
at about a fuel-air equlvalenoe ratio of 0.35 and of 0.75, respec-
tively, for both fuels. At this ocmbustton-ohsniberpressurelev+’
the blendwas ~erlar to the gasollnecmlyat the leaneroozdi-
tions;essentiallythe s=e ~ sad T mslues O- be ob~~

at a given E In the rioherregionsvlth either fuel. For both
fieb> ?b - 0_0WU3JIt~ T hC03B8Sd Sh.EUIPl.Ywith fuel-air
equlvalenoeratioand reaoheda nu=bmnuof 79 peroentand 5*O,
respeotlw~, at an E of 0.76for gasoline- 75 peroent-
4.8 at E of 0.73for the blendedfuel. ThO rangeof V3 at

this low p3 was from 196 to 311 feetper seoondand oorrespcmded

to oaubustion-ohmiber--tiMaoh number ~ ~ues between0.168
and 0.262.

The treudestablishedIn fi@’e 21 of the combustioneffi-
olenoleswith the blendbeinggreatemat a reduoedocmbustion-
ohedberpressurelevel (1300lb/sqft absolute)than at the hl@mr

—

.
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pressures is further illustrated at 800 pounds per swwx foot
absolute In fIgure22. A slmllartrendof the oambustim e#i-
olenoyridng with a deareasein the oaibusthn-ohamberpressure
levelfrom 1650 to 800 pouds per squarefoot absolutewas
exhibitedwith pure gaaol~ (figs.20 and 22). zw reduotion
In pressurelevelwas also aooaqpaniedby a slightehlftIn the .
operablefuel-airequivalence-ratiommge tmmwd the leanreglcm.
Thepeak qbwasonJy64~oent @the peak7 was4.6at p3
of 1650 po~s per squarefoot absolute and ooourred at E of -
0.86 (fig.20); whereas at P3 of 800 poundsper squarefoot dbso-
lute, the peak nb waa 79 peroent ad the peak T was 5.0 and

ooourred at a leanermirhrre E of 0.76 (fig.22). The Inlet
gat~es @ ml~ities at bm PWMmCe levelswere slmllar.
The reasonsfor these~oted mrlati~ in turnerperfamanoe
with pressurelevelare not fullyunderstood. Othervariables
in addltlcmto ocmibustion-ohaniber-imletpressurewere probably
Involvedam3 theseunknownvariableshave not bean inoltadedIn the
data evaluatlcm.

Caubusticm-OhenbrPressureReoovery.

-~s=tati= to~-ms~e ratios p@3 a~ss th ()~-

bustlonoheniberfor the rake ad ocmrugatedgutter burnersare pre-
sentedas a funotionof T in figure23 far outlet-exearattos
of 0.73S and 0.676. The pressure rattosfor the serratedaanular
baffleb-r ~ slml= to those obtainedwith the rake burner
and are thereforenot sham.

TM pressurebases aoross the ocdmstion ohadber arise frcan

the addition of heat to a fluwinggas and franthe frtoticmal
lossesof the flameholderand the ocsdmstla ohmiber. The pressure
lossdue to the additia of heat is primarl~ a funotionof ~ and
T, whereasthe fiiotlomallossesdependpa?harilycm ~ (ref-

erenoe7). R& a givenburnerand at a fixedoutlet-arearatloX
the twolosses oaiblneto give a relativelysma31ohangeIn pressure
=tiO over& ~ttie rangeOf T. For exmple, between T values
of4and6-at M3 valuesrangingf’rcm0.16to 0.21,the pres-

sureratioaorossthe o-ustion ohauiberat a givenoutlet-ma
ratio (0.739)=ed only 0.03.5with the rake burner. At a lower
range of T, valuesobtainedwith the mrrugated gutterbusaerat
the same outlet-azwarattoadl for ~ valuesbetween0.18 and

0.23, the tutal _ in the pressureratiowas cmly 0.05:

.
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This slightchangeIn the pressureratioaorossthe ocmilmstkn
dkmdmr overthe entireOperatingrangeof a givenOonflguration
faollitatesthe analyticaltreatmentof over-allmu-jet perfomL-
anoeby pemitting the use of an assumedmnstant cmibustiKmL-
ahaliberpasure 10s0●

~ V’SrbtimLin tatd.-~ssure =tio ~SS the ocaubustfou
ohmiberoverthe emtlawoperatingrangeof all mnflguratims
~sented in fl@&e 23 iS auly 0.76to 0.88.
Oocurat the law valuesof T, beoauseunder
the high valuesof ~ are encountered.

8uMMARY(lF~

l!helargerlosses
suoha cxmdition

The Oanbust,ionperformanceofa16-inolLzwm Jetwltheaohof
threeburneromflguratlcms(mke, semted emnulkmbai%’le,and
mrru@ed ~tter burners)WaS detemind In the Lewisaltltude
- tunnelmmer mntrol.ledmndltions of Ombustml-ohdber” ●

hlet pressureand temperature,fuel flow,and nozzle-outlet+xrea.
The resultsobtainedare sumsrized as follows~

1. A differentoptimumfuel-lnjeotio.nradiususuallyexisted
for eaoh ocunblnatlcmof bumwr and fuel. A ohangeof as I.lttle
as l/4-hoh fWcm the optimumpositionuouldoausea seriousreduo-
tiom In ocaubustionefflolenoy,rou@ @ msteady b-, ad In
S- ~S blow-out.

2. Baaed au the ~ues of ocmbustl- effioieneyaziltotal-
_atm ratioobtained,gasollneprwed a superiorfuel to
kerosemefor boththezwkeead the aunularbafflebuznereon-
fIguratiae. Data obtainedwtth the c$ozn’ugatedgutterburner
hdioated thata bled of 50-peroemtgasolineand 50-psroemtpro-
pyleneoxidemighthavemharaderisticsslightlySuperiorto pure
gasoline.

3. Beoauseof the magnitudeof the wmihstloa-ehdber-~t
Msoh _OZ’S, = ~Ual and S*~S S~~ ~- _USti~-
ohamberpressuredropwas ~enoed at the leanfuel-alrratios
adl the low total-temperatureratiosthem at the riohermixtures
and high total-qrature ratioswith all burnerOo&igwwtlaus
Investigated.

4. l?orall.burners, greateroadxzstioneffloienoyand total-
_ature natiowere obta-d at an outlet-areazmtlo& 0.676
than at 0.739,the mldmum Tal.ueinmstlgated●
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.
5. no effe$ ~ b-r ~ ormmoe overa mmtmstton-airdew

g pointrangeof 2 to 30 F vas apparent.
m
4

6. The meuimummxnbustla offiolenoyobtainedwith the ser-
ratedannularbaffleburnerwas 82 peroentat a fuel-airratio of
0.054smd a ocmbustion-ohamb~-inletvelooltyof 180 feet per seo-
md. The o-espondi.ngtotal-temperatureratiowas 5.7. The maxi-
mum total-temperatureratioattainedwas 6.0. ban blow-outW8S
estimatedto oocurfm eaoh of the tlmeeoutlet-euwaratiosinves-
tigatedat a odlxzstion-ohsmiber-inletveloottyof approximately
200 feet per secmnd. The operationalperfozaumoeofthe burnerwas
sensitiveto a reduotiauin the combustion-o-er pressurelevel
frcm 1750 to 1365poundsper squu?efoot absolute.

7. The msxi.nuuufuel-airratio operatingrangeof 0.030to
0.098 (upperlimlt imposedby fuel-pumpimgoapaolty)resultedwhen
a split-inJeotim-fuelsystemwas employedwith the rake burner.
A maximumcombustioneffioienoyof 85 percentwas also obtained
with this mnfi.gurationat a fuel-air ratio of 0.055and a total-
tenwrature ratio of 5.8. ml data obtainedwere f= OC%UbUSti~-
ohmiber-inletvelocitiesbetweem173 and 239 feet per seoond.

8. The best performanceat low mibustion-ohemberpressure
levelwas obtainedwith the oacrugatedgutterburner. Noticeably
higheroombustioxeffiolenolesand total-temperatureratioswere
observedat 800 than at 1920poundsper sque&efoot absoluteat
the axlibustion-obamberinlet. The maximumcombustionefficiency
of 79 peroentocourredat a oanbustion-ohamber-ti pressureof
800 poundsper squarefoot absolute. Othervariablesin addition
to ocmhstion-ohamber-inletpressurewere probablyinvolvedand these
unknownvariableshave - been inoludedin the data evaluation.
The rangeof cmubustion--er-~et velocitiesoverwhloh this
burnerwas investigatedwas le8 to 311 feetper see-.

Lewis Flight PropulsionLaboratory,
NationalAdvisoryCommitteefor Aeronautlos,

Clevelmd, Ohio.
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TABLJZI - TABIiECl@’COORD~~ FOR 16-IWH RAM JET
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Dlstsnoe Diameter Diemeter Rerlm.’ks
of inner of outer

13upersonlo- body body
diffuser (in.) (in.)
Net
(In.)

o ---- ---- Met to supermdo diffuser
(free-$etinvestlgatton~)

6 4.2 9.92 Substic-diffuserinlet (ocm-
respozdsto station2, fig. 2)

12 4.74 10.56 -t oenter-bcdysuppcmt
(statIony, fig. 2)

24 5.56 11.80
36 6:28 13.04
48 6.96 14●30
62 7.86 15.80 Air-flowmeasuringstation

(stationx, fig. 2)
65 8.00 16.00
74 8.00 16.00 ~1-tnJeotcm I.ooatla’
80.7 7.25 16.00, Pilotburner
91 6.00 16.00 C@xzstlon-ohmiberInlet

(station3, fig. 2)
92 0 16.00
172 Vhriable 16.00 Eozzleinlet (station5, fig. 2)
181 Variable 13.75 Engineoutlet (statlun6, fig. 2)
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Fleme holder Blooklng
mrea

(peroent )

O Corrugated gutter 64

4 .vRmke 41
n ae~ag: mnnulmr

55 . A ~

I 101 I l-l 1-

‘py%y
1
.Is b14 .16 ●I.6 .60 .* .84 ● a6

Combuetlon-ohsmber-inletMmoh number, X8

Hozslemiugpositton,dlnttiex, h.

Figure1%1.- Erreotot nozzle.-plug pomltlon cm noszle-outletarem.
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6

,0’

9

$!

H

~el Outlet- Combustion-

2
area ohamber-
ratio inlet total
A~A4 temperature,Ts

t%)
I I

. —.

H
+Kerosene 0.739 66S tiO
4 Kerosene ● 676 66S i10
* Kerosene .600 556-0
--- Uasoline .600 640 *80

100n p=oefig.13) ‘

Combustion-,
ohamber-

inlet statto
pressure,pa

(lb/sq ft abs.

1790 ils
1780 *16
1790 as
1760 ●2O

-., ---
3 CA 1 / I I

*.”
L

n, I

16

40. I
.4 ●6 ●8 1.0 1.2 1.4

Phel-air equivalence ratio, B

Figure 140 - Comparison
annular baffle burner

Or combustionpertormanoeof serrated
with gasoline or kerosene as fuel.
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d

Outlet.
area

6

w y
.

4

.

30} 1 1 1 1 1 1 I 1 1 1 1
. . .- 1 1 1 1 I

“Coqbwtlon-ohamber-lnl.et

l%

167

fl 1 1 1 1 1 IL / ha= I 1 I

J I I I I I I —--
5 %4

I I I 1 1 1
.05 -06 ● 07 .06
Fuel-air ratio~ f/a

Figure 17. -’Effeot of fuel-alr ratio on combustion efiloienoy
and total-temperature ratio aoross oontbustionohamber. Rake
burner fuel gasolinejoombuetion-ohamber-inletstatlo pres-
sure kO** mndspers qwefoot. b.ohte$ocmbustion-
oham6er-inlet?otal temperature,s700 %@ R.
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Fuel combib::n- kmbuetion-
. ohamber-

lnlet total inlet atatio ‘
temperatue, T3 pressure,p5

(oR) (Zb\sqft abs.)
+ Kerosene as *10 18S0 *1O
+= Kerosene 606 ●2O 1470 *lo
----(la ollne

!

570 *lo 1800 27
ourve

.
f;: 17)

I 6
.

●
Mp #--- “--- ,-

1
/

~’ k
~:

3 ‘4

8

100

!? . /- @omtition.okbe~ itiet
3 -

● ● % ly5 velooity,V38 ttiseo

53 w *
h \

!$
\

800- *L ‘\
j: 13s

g&m

3
1

u
1$8

40. I
.6 .8 1.0 108 1.4

Fuel-air equivalence ratio, B .

Figure 18. - Comparison of combustion performance of rake burner
with gasollne or kerosene as fuels Outlet-area ratio, 0.676.
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erea point
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A~A4
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0 ● 676
A
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#

-Combustion-ohamber-Wet
veloalty, V3,”ft/seo
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LIEiizl
Fuel-airratio, f/a ‘--

1 1
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1 I 1
.4

!
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Fuei!air &lvalenoe ra;;o, E

M@re 20. - IiXreot of fuel-air ratio on combustion erfiolemy
and total-t~erature ratio aoross mmbustion ohamber with
corrugated gutter burner. Fuel gasoline; oombustion-
ahamber-inlet statio pressure, 1650 *15
root absolutes ombustlon.ohamber-inlet
5750 *l@ R.
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total temperature,
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Combuet ion-dmnber- Fuel
inlet statlo pro sure
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FUel-alr equlvalenae ratio, B
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- Variation of oonibumtlonefflo”zenoyand total-temperature
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0 ● 739
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— Rake

Combustion-chamber-inlet
Maoh number, M3

● 149
.152>

●

e *

● 23k -r
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I
3 4“5 6

Total-temperature ratio, r

Figure 23. - Variation of pressure recovery aoroas
combustion chamber with total-temperature ratio.
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